Introduction {#Sec1}
============

*Neospora caninum* is an intracellular protozoan parasite that provokes neurological disorders, recurrent abortion, and neonatal mortality in dogs. The parasite has a wide range of intermediate hosts, including cows, sheep, goats, horses, bison, and deer.

Neosporosis is especially important in cattle; the parasite has been recognized as one of the main causes of abortion in dairy cattle worldwide (Dubey [@CR10]). Dogs and coyotes are the only definitive hosts of *N. caninum* that have been described to date, but possibly other carnivores such as foxes and wolves can act as definitive hosts for the parasite. Dogs are both intermediate and definitive hosts of *N. caninum* and play a crucial role in horizontal transmission of this protozoan to other animals (McAllister et al. [@CR23]; Gondim et al. [@CR16]).

In the dog population, neosporosis is spread by vertical infection from bitch to offspring and/or horizontal infection through ingestion of infected tissues of bovine origin. The parasite may be transmitted to cattle through the ingestion of oocysts that are shed in the feces of acutely infected dogs or by congenital infection from mother to fetus via the placenta. Although *N. caninum* is transplacentally transmitted very efficiently in cattle and oocysts are rarely found in dog feces, dogs are considered essential in the life cycle of this parasite (Schares et al. [@CR31]; Dubey et al. [@CR13]).

The diagnosis of neosporosis in dogs is difficult due to nonspecific clinical signs. The clinical symptoms depend on the placement of parasites. The parasite can reach different organs, mainly the central nervous system, the brain and spinal cord, but also muscles, heart, liver, kidneys and skin, where it can form cysts and persist for a long time leading to chronic disease. In affected dogs, the most common symptoms include progressive paralysis of the hind limbs, difficulty in swallowing, paralysis of the jaw, muscle flaccidity and muscle atrophy, or even heart failure. A cutaneous disease or diarrhea in case of digestive neosporosis may also occur. In general, neosporosis can be asymptomatic in adult dogs and the most severe cases of disease occur in young, congenitally infected puppies (Dubey and Lindsay [@CR11]; Dubey [@CR10]).

Serological methods such as the indirect fluorescent antibody test (IFA), *Neospora* agglutination test, enzyme-linked immunosorbent assay (ELISA), and Western blot can be used for the detection of specific antibodies in sera (Hemphill and Gottstein [@CR20]; Dubey and Schares [@CR12]; Dubey et al. [@CR13]). Using serological methods *N. caninum* infections in dogs have been reported in many parts of the world. In Europe, the prevalence rates of canine neosporosis varied between 0.5% and 28.9% in different countries (Dubey et al. [@CR13]).

In Poland, the presence of *N. caninum* has been previously confirmed serologically in aborting cows and later in other intermediate hosts such as bison and red deer (Cabaj et al. [@CR6]; Cabaj et al. [@CR7]; Goździk et al. [@CR19]). Moreover, the antibodies against *N. caninum* were detected in definitive hosts such as dogs and foxes in southwestern Poland. Using a commercially available IFA test, the antibodies against the parasite were detected in low titres in two of 45 red foxes and in one out of 60 farmed foxes (Śmielewska-Łoś et al. [@CR34]) and in 18 out of 110 tested dogs (Płoneczka and Mazurkiewicz [@CR28]). *Neospora* infection was also serologically confirmed in ten of 29 farm dogs living in close contact with dairy cattle herds in the eastern part of Poland, giving a prevalence of 34.5% (Goździk et al. [@CR18]). Nevertheless, there is still little information about the presence of *N. caninum* in definitive hosts in other parts of Poland, possible transmission routes of the parasite and the rate of infection among dogs. The aim of this study was to assess the prevalence of *N. caninum* in dogs which live in urban areas in Mazovia Voivodeship, Central Poland and have no contact with cattle.

Materials and methods {#Sec2}
=====================

Sampling of dogs {#Sec3}
----------------

Blood samples were collected between March 2008 and May 2009. Samples were obtained from 257 randomly chosen dogs during clinical examination in three private veterinary clinics located in Warsaw. A blood sample was drawn from the cephalic vein of each dog with a 20-gauge needle to a blood collection tube. The blood was centrifuged at 1,000 × g for 15 min, the sera collected and stored at −20°C until analyzed. Epidemiological information about the sex and age was recorded and the general clinical status of the dogs was evaluated. Dogs were divided into the following four age groups: under 1 year old, 1 to 5, 5 to 10, and over 10 years of age.

Serological examination {#Sec4}
-----------------------

### ELISA {#Sec5}

The presence of antibodies to *N. caninum* was demonstrated by ELISA modified from Björkman et al. ([@CR3]). In this assay, crude antigen from tachyzoites of the Polish isolate, Nc-PolB1 (Goździk and Cabaj [@CR17]) was used as a capture antigen in the final dilution of 5 μg/ml. Horseradish peroxidase conjugated anti-dog IgG (Bethyl Laboratories, Inc.) diluted 1:20,000 in phosphate-buffered saline (PBS) was used as the secondary antibody. All sera were diluted 1:100 in PBS with 0.05% Tween 20 and analyzed in duplicate.

Since no positive and negative control was available and the crude antigen based ELISA was not validated, all sera with an optical density value exceeding 0.200 absorbance units were additionally analyzed by Western blot as a reference method. The cutoff value of 0.200 was chosen arbitrarily in this study and was based on the validation of the immunostimulating complex enzyme-linked immunoassay (iscom-ELISA) against an indirect fluorescent antibody test (IFAT) using cattle sera (Frössling et al. [@CR15]).

### Electrophoresis and Western blot analysis {#Sec6}

SDS-polyacrylamide gel electrophoresis and Western blot analysis were performed essentially as described by Björkman et al. ([@CR3]) and Björkman and Hemphil ([@CR2]). For analysis under reducing conditions, 2X Laemmli sample buffer containing 10% beta-mercaptoethanol (Sigma) was added to the antigen preparation and soluble proteins were denatured by boiling the mixture for 5 min. The samples were electrophoresed on a 5% stacking gel and 12% resolving gel and the separated polypeptides were transferred to nitrocellulose membranes (pore size, 0.2 μm; Bio-Rad Laboratories). Membranes were blocked for 1 h in Tris-buffered saline (20 mM Tris, 0.9% NaCl, pH 9.0) containing 5% non-fat dry milk. The blocked membranes were cut into 3-mm-wide strips. Then the blotted polypeptides were exposed to the examined sera diluted 1:50 in PBS--Tween 20 buffer containing 5% non-fat dry milk for 1 h at room temperature. Peroxidase-labeled goat anti-dog IgG-heavy and light chain (Bethyl Laboratories, Inc.) diluted 1:5,000 in PBS--Tween was used as the secondary antibody and the membranes were incubated for 1 h at 37°C. Immunoreactive proteins were detected with DAB (3′3-diaminobenzidine tetrahydrochloride) (Sigma). A serum was regarded as positive when it reacted with at least two of the five immunodominant *Neospora*-specific antigens (55--53, 48--47, 37--35, 27, and 18--16 kDa) (Björkman et al. [@CR5]).

### Statistical analysis {#Sec7}

Differences in seroprevalence between sex and age groups were analyzed using the chi-square test at *P* ≤ 0.05 of significance level. The calculations were performed using the STATISTICA Software (Series 1203b, version 6.1 for Windows, StatSoft, Inc.).

Results {#Sec8}
=======

A total of 257 dog sera were tested using serological methods, ELISA based on crude tachyzoite antigen and Western blot. The OD values of the analyzed dog sera obtained in ELISA varied between 0.133 and 3.126. The OD values of the background (well coated with antigen but without serum) varied between 0.047 and 0.075. One hundred sixty-four sera had an OD value exceeding 0.200 and were further examined by Western blot. A serum was classified as positive when it reacted with at least two of the five immunodominant antigens (55--53, 48--47, 37--35, 27, and 18--16 kDa). The strongest reaction occurred with two major proteins characterized by a molecular weight of approximately 37--35 and 18--16 kDa, additionally an antigen of 27 kDa was also observed.

Using the Western blot confirmation test, the presence of specific anti-*Neospora* antibodies was detected in 56 sera and those sera, deemed *N. caninum* positive, gave a seroprevalence of 21.7%. The prevalence of anti-*Neospora* antibodies was greater among females than males (28% and 17.3%, respectively) and this difference was statistically significant (*P* \< 0.05) (Table [1](#Tab1){ref-type="table"}). Table 1Prevalence of anti-*N. caninum* antibodies in tested sera according to sex of dogsNumber of examined dogs' seraNumber of sera classified positive in ELISA and Western blotPrevalence (%)Sex Female1073028% Male1502617.3%Total2575621.7%

Four age groups were considered in the study: less than 1 year old, more than 1 year to 4 years old, more than five to ten, and more than 10 years of age. The prevalence of antibodies within the age groups varied between 8% and 27%; however, this variation was non-significant (*P* = 0.1733) (Table [2](#Tab2){ref-type="table"}). Table 2Prevalence of anti-*N. caninum* antibodies in tested sera in different age groups of dogsNumber of examined dogs' seraNumber of sera classified positive in ELISA and Western blotPrevalence (%)Age (years) ≥12528% \>1-- ≤ 5771418% \>5-- ≤ 10852124.7% \>10701927%Total2575621.7%

Twelve dogs, serologically classified as positive, presented clinical signs of neurological disorders attributable to neosporosis, such as epilepsy, imbalance, tremor, and ataxia. In one case dermatitis was diagnosed, and in five dogs hepatic encephalopathy was recognized. The remaining dogs were not further examined and the causative role of *N. caninum* was not proven.

Discussion {#Sec9}
==========

Out of the 257 dog serum samples tested in this study, 56 were classified as seropositive for *N. caninum* giving a seroprevalence of 21.7%. The detection of antibodies was carried out using an ELISA test, where the soluble protein fraction from the Polish isolate (PolB1) was used as the capture antigen. Different diagnostic tests are used to detect antibodies against *Neospora* in dogs.

Currently, the anti-*Neospora* antibodies are commonly detected using an IFA (Hemphill and Gottstein [@CR20]). There are several companies producing ready to use slides for diagnosis of neosporosis in dogs (for example, VMRD, Inc., USA; Mega Screen FLUONEOSPORA Mega Cor, Austria; and Fuller Laboratories, USA). Commercially available IFA tests are highly specific and sensitive; nevertheless, the method is time consuming when analyzing large numbers of sera and manually reading IFA results depend on the subjective assessment of the lab worker.

Several ELISA based on a water soluble fraction of sonicated tachyzoites have been validated for use in cattle, sheep, and goats. These tests were shown to have a high diagnostic sensitivity and specificity when evaluated against an IFAT (Hemphill and Gottstein [@CR20]); however, all serological tests require species-specific conjugates to detect specific antibodies and must be individually evaluated using known positive and negative controls and a bank of sera of known status. Our ELISA had not been validated for dog sera due to lack of an appropriate control sera (true positive and true negative). The cutoff value of 0.200 was chosen arbitrarily and was based on the validation of another ELISA, iscom-ELISA, against an IFA using cattle sera (Frössling et al. [@CR15]). The ELISA test was used here for epidemiological studies to screen dogs from the Voivodeship to assess infection status in animals in this area.

It is worth mentioning that potential cross reactions might occur in serological assays due to the fact that *N. caninum* is closely related to *Toxoplasma gondii*. Some authors demonstrated the cross-reactivity between antigens from these parasites while using the soluble protein fraction as the capture antigen in ELISA (Nishikawa et al. [@CR26]). The reliability of the serological results depends on the diagnostic method used in the survey. The ELISA method chosen in this study is based on the soluble protein fraction from the whole tachyzoites. Nevertheless, to eliminate false positive results and/or to confirm the presence of antibodies against *Neospora*, Western blot was used additionally as a confirmation method (Björkman et al. [@CR5]). In Western blot analysis, the main immunodominant bands localized at 55--53, 48--47, 37--35, 27 and 16--18 kDa, which is in agreement with results obtained by other authors (Schares et al. [@CR30]; Staubli et al. [@CR33]). Based on the results obtained in the two tests, the dog sera were classified as positive.

The prevalence of 21.7% of antibodies among urban dogs obtained in this study indicates a higher rate of infection than in other European countries, like Austria 2.1% (Wanha et al. [@CR36]), Hungary 1% (Hornok et al. [@CR21]), Spain 2.9% (Collantes-Fernandez et al. [@CR8]), the Czech Republic 2.6% (Vaclavek et al. [@CR35]), or 0.5% from Sweden, the lowest seroprevalence reported in Europe (Björkman et al. [@CR4]).

Prevalence rates comparable to our results were found in urban dogs in northwest Italy (20.2%) (Ferroglio et al. [@CR14]), in Catalonia (northeastern Spain) (12.2%) (Ortuno et al. [@CR27]), in Denmark (15.3%) (Rasmussen and Jensen [@CR29]), and in southwestern Poland, where 15% of the dogs tested showed positive results (Płoneczka and Mazurkiewicz [@CR28]).

Differences in prevalence rates observed between the gender groups were statistically significant (*P* \< 0.05), the prevalence of antibodies was higher in female dogs than in male dogs; however, no significant differences in neosporosis seroprevalence were found among the different age groups. The examined dogs visited veterinary clinics due to control tests, vaccinations, or other reasons not directly connected with neosporosis. Among the 56 seropositive dogs, only 12 had clinical symptoms compatible with neosporosis, which suggests that a large number of the infections occur in a subclinical form; however, these dogs were not further examined and the causative role of *N. caninum* had not been shown.

In Poland, neosporosis was earlier considered an issue only in dairy cattle production. Previous studies carried out on farms in the northeast of Poland showed a seroprevalence of 15.6% in aborting cows and 92.5% in offspring from seropositive dams (Cabaj et al. [@CR6]; Moskwa and Cabaj [@CR24]). In several dairy cattle farms in the Mazovian Voivodeship, the seroprevalence varied from 1.5% to 23% (Moskwa et al. [@CR25]). Unfortunately, during those investigations the dogs living in close contact with infected cows were not included into the studies.

The latest data revealed a much higher seroprevalence, up to 70% in some herds in the eastern part of the country (Goździk et al. [@CR18]). Parallel studies performed on dogs showed a prevalence of 34.5% in farm dogs living in this area. The results of serological investigations obtained in this study indicate that the examined dogs had contact with the parasite, although they lived in urban areas and showed that neosporosis is a common infection even in such dogs. It has been shown that dogs living in the countryside have a significantly greater risk of *N. caninum* infection than dogs living in large cities since they have direct access to parasite cysts present in placentas, fetuses, or tissues from infected livestock (Dijkstra et al. [@CR9]; Dubey [@CR10]).

The detection of specific antibodies in dog sera indicates the potential contact of these animals with the pathogen but is not necessarily correlated with shedding of oocysts nor related with a risk of horizontal transmission or environmental contamination, since oocysts are rarely found in dog feces (Slapeta et al. [@CR32]; Schares et al. [@CR31]). It is known that dogs can become infected by ingesting infected tissues, but whether they can be infected by the ingestion of oocysts is unknown (Dubey et al. [@CR13]). It has been described that subclinically infected bitches can vertically transmit the parasitosis, and successive litters from the same bitch may be born infected. Nevertheless, vertical transmission alone could not maintain the parasite in dogs (Barber and Trees [@CR1]).

Another explanation for the presence of antibodies in dog sera could be feeding habits, like eating raw meat containing parasite cysts. It has been reported that the consumption of raw beef can be a risk factor for *N. caninum* infection (Kramer et al. [@CR22]; Dubey et al. [@CR13]) and it is known that dogs are sometimes fed raw or poorly cooked meat by their owners. These facts could explain why in our study a seroprevalence of more than 20% in urban dogs was found.

The presence of infected dogs in a particular area should be considered as a potential risk factor of *Neospora* infection in cattle. It has been proven that the parasite is transmitted via placenta in cattle but also that the presence of definitive hosts is crucial for the life cycle of the parasite (Dubey [@CR10]; Dubey et al. [@CR13]). The results of these serological studies need to be confirmed by direct methods such as demonstration of the parasites by histopathology or PCR.

Further investigations on dog populations in Poland are needed in order to determine the possible route of infection in dogs and assess the seroprevalence of neosporosis in definitive hosts in other parts of the country.
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